Background The prognostic significance of preoperative plasma fibrinogen in patients with operable gastric cancer remains under debate. This study aimed to elucidate the prognostic value of fibrinogen in gastric cancer patients underwent gastrectomy. Methods A total of 4351 patients with gastric cancer collected from three comprehensive medical centers were retrospectively evaluated. Patients were categorized by minimum P value using X-tile, while the baseline confounders for fibrinogen was balanced through propensity score matching (PSM). The relationships between fibrinogen and other clinicopathologic features were evaluated, and nomogram was constructed to assess its prognostic improvement compared with TNM staging system. Results Fibrinogen was significantly correlated with macroscopic type, tumor differentiation, tumor size, and T and N stage. The factors, fibrinogen and T stage as well as N stage, were identified to be independent prognostic factors after PSM. Nomogram based on fibrinogen demonstrated a smaller Akaike information criterion (AIC) and a larger concordance index (C-index) than TNM staging system, illustrating that fibrinogen might be able to improve the prognostic accuracy. Conclusions Preoperative plasma fibrinogen levels in gastric cancer patients were significantly correlated with tumor progression, which could be regarded as a reliable marker for survival prognostic prediction.
Introduction
Being the secondary leading cause of cancer-related mortality in China, gastric cancer is one of the most common gastrointestinal malignances worldwide, despite that global incidence is declining [1] . Identification of prognostic factors for gastric cancer becomes increasingly crucial in predicting patients' survival. The hypercoagulability of blood has been demonstrated to be associated with malignancies [2, 3] . As an important coagulation factor, plasma fibrinogen synthesized by liver, which can be converted to fibrin by activated thrombin, has been recently illustrated to participate in tumorigenesis, stroma formation, angiogenesis, and tumor metastasis [4] [5] [6] [7] . Nevertheless, previous studies showed that fibrinogen could be regarded as an independent predictor [8] [9] [10] [11] , whereas some proposed that it was not related to the survival outcome of patients with malignancy [12[ . Moreover, there has been no unanimous consensus reached on what clinical roles were played by fibrinogen so far, and the clinical significance of preoperative fibrinogen has not been well addressed for gastric cancer patients till now [8, [13] [14] [15] [16] .
It is highly necessary, therefore, to elucidate the prognostic significance of fibrinogen and to determine its potential clinical value in gastric cancer patients. We aimed to investigate the prognostic significance of preoperative plasma fibrinogen levels in gastric cancer patients enrolled in three medical centers.
Patients and methods

Patients
From January 2002 to June 2012, 4351 gastric cancer patients, who underwent gastrectomy in West China Hospital, Southwest Hospital, and Guangdong General Hospital, were analyzed in this study. Exclusion criteria for patients were as follows: (1) multiple stomach tumors; (2) palliative surgical operation; (3) death because of postoperative complications in hospital stay; (4) peritoneal dissemination or distant metastasis; (5) patients who were lost to follow-up; (6) incomplete medical records. Finally, 3072 candidates were totally included as shown in Fig. 1 . Specifically, 2737 of them, who were enrolled in Southwest Hospital and West China Hospital, were randomized with a sample size ratio 2:1, into inner training cohort and inner validation cohort, while 335 candidates in Guangdong General Hospital were defined as an independent validation cohort.
Definition of fib-high/low groups and baseline characteristics
On the basis of optimal cutoff point, 3.20 g/L, determined by X-tile, gastric cancer patients were categorized into Fibhigh group (C 3.20 g/L) and Fib-low group (\ 3.20 g/L). The clinicopathologic and demographic factors included age, gender, extent of gastrectomy, surgical approach, tumor differentiation, tumor location, tumor size, macroscopic type, and pathological TNM stage [17] .
Follow-up and survival
Patients were periodically followed up through telephone interviews, outpatient visits, and letters. The follow-up was arranged as bellows: every 3 months during the first 2 years after surgery, and then every 6 months in the following 3 years, and thereafter every 12 months till death. The survival time was calculated from the date of operation to the last follow-up time, June 2017, or date of death. Overall survival in this study was the primary endpoint. The changed telephone numbers or contact address and patients' refusal to the outpatients visit were the main cause to follow-up losses. Of the 4351 patients, 3898 (89.6%) were followed up.
Statistical analysis
Optimal cutoff point of preoperative fibrinogen was selected from log-rank v 2 statistics by minimum P value using the X-tile program [18] . Ranked and unordered categorical variables were assessed by Mann-Whitney U and Chi-square test, respectively, by SPSS (SPSS, version 23.0, Inc., Chicago, IL, USA). Cox's regression model was used to perform univariate and multivariate survival analyses. The log-rank test and Kaplan-Meier method were utilized to calculate cumulative survival rates.
To reduce the impact of potential confounding factors and effects of selection bias, such as baseline clinicopathologic factors or uneven patient distribution between the Fib-high and Fib-low groups, 1:1 propensity score matching was applied to adjust for gender, age, tumor size, macroscopic type, tumor differentiation, and T stage and N stage. A 0.2-width caliper of the standard deviation of the logit was applied to match across the two groups [19] . The Regression Modeling Strategies package in R program was used to display nomogram and calibration curve, whereas Harrell Miscellaneous package was applied to compare the predictive ability of survival among different staging systems. Additionally, the prognostic accuracy and discriminatory ability of each system were evaluated by concordance index (C-index) and Akaike information criterion (AIC), respectively. A larger C-index means a more accurate prognostic prediction [20] , but a larger AIC value corresponds to a model with a worse discriminatory ability for predicting outcome [21] . A p value of \ 0.05 (two side) was regarded to be statistically significant.
Results
Clinicopathologic characteristics and correlation analysis
X-tile plots showed that the optimal cutoff point for fibrinogen was 3.20 g/L in gastric cancer patients ( Fig. 2 ), Fig. 2 Division of patients by the cutoff point produced by X-tile plot. a X-tile plots for fibrinogen (Fib). The plots demonstrated that the produced log-rank v 2 value categorized the enrolled gastric cancer patients into Fib-high group and Fib-low group by cutoff point, 3.20 g/L. b Survival curves generated by X-tile plots, showed a strong discriminatory capacity (p \ 0.0001), with a v 2 value of 102.3 and a relative risk ratio of 1.00/1.39 according to which patients were categorized into Fib-high group (C 3.20 g/L) and Fib-low group (\ 3.20 g/L). Moreover, various cutoff points proposed previously were validated using our sample to compare their prognostic prediction ability with the cutoff point produced in this study, as demonstrated in Table 1 . We found that application of the cutoff point of 3.20 g/L could produce a smaller AIC value as well as a larger C-index, as compared with other cutoff points reported previously (all p \ 0.05, Table 1 ). Clinicopathologic features were compared between the Fib-high and Fib-low group in the training, validation, and propensity-score-matched cohort ( Table 2) . Fibrinogen was illustrated to be significantly associated with tumor differentiation (p \ 0.05), tumor size (p \ 0.05), macroscopic type (p \ 0.05), T stage (p \ 0.05), and N stage (p \ 0.05) both in the training and in the validation cohort. Specifically, patients were more likely to be with macroscopic type III-IV, deep tumor invasion, and wide lymph nodes metastasis in Fib-high group than that in Fib-low group. Additionally, we found that poorly/undifferentiated histology was more prevalent in Fib-low group among training cohort but much more common in Fib-high group in validation cohort. Likewise, larger tumor size was associated with Fib-high in training cohort, while much more common in Fig-low 
Prognostic significance of fibrinogen
In order to balance the baseline and to reduce the potential confounding factor impact and selection bias effect, 1:1 propensity score matching was utilized to adjust for gender, age, tumor size, tumor differentiation, macroscopic type, and T stage and N stage between the Fib-high and Fib-low groups. Though an initial dissimilarity across the two groups was demonstrated in Fig. 3a according to propensity score distributions before match, it was quite homogeneous after matching (Fig. 3b ), illustrating the adequacy of balance achieved by the propensity score model, and all of the clinicopathologic features were found to be balanced (all p [ 0.05) between the two groups in Table 2 . Moreover, patients with Fib-low were illustrated to be with a better survival rate than those who were with Fib-high, in both the cohorts before and after matching (Fig. 3c, d) .
Cox's regression model is displayed in Table 3 to analyze the prognostic value of fibrinogen in the propensityscore-matched cohort. Univariate analysis showed that some clinicopathologic features, including of gender (HR = 0.843, p = 0.035), age (HR = 1.404, p = 0.009), tumor size (HR = 1.051, p = 0.037), fibrinogen (HR = 1.109, p = 0.011), tumor differentiation (HR = 1.012, p = 0.023), macroscopic type (HR = 0.893, p = 0.017), T stage (T2 vs. T1, HR = 1.739, p = 0.005; T3 vs. T1, HR = 2.031, p = 0.003; T4 vs. T1, HR = 2.894, p \ 0.001), N stage (N1 vs. N0, HR = 1.735, p = 0.011; N2 vs. N0, HR = 2.214, p = 0.009; N3 vs. N0, HR = 2.975, p \ 0.001) and chemotherapy status (HR = 1.156, p = 0.035), were significant prognostic factors, whereas tumor location(HR = 0.906, p = 0.081), surgical approach (HR = 0.989, p = 0.078), and gastrectomy extent (Distal vs. Total gastrectomy, HR = 0.877, p = 0.069; Proximal vs. Total gastrectomy, HR = 1.125, p = 0.103) were illustrated to be not significant risk factors for overall survival. However, multivariate Cox regression analysis indicated that only fibrinogen and pathological T and N stages were significantly associated with patients' survival prognosis, revealing that they were independent prognostic factors.
Nomogram was performed in this study to predict 5-year overall survival (Fig. 4a ). Independent prognostic factors, fibrinogen and T stage and N stages, were included in the nomogram plot, either in the inner training cohort or in the validation cohort. Kaplan-Meier survival analysis for fibrinogen were suggested in Fig. 5 , and the corresponding calibration curves in the training and validation cohorts showed that the predictive probability was closely similar to the actual 5-year overall survival rate. Besides, this nomogram was applied in another independent cohort to validate its prognostic accuracy in Fig. 4b , the calibration curve showed a similar result as illustrated in the validation cohort.
Furthermore, AIC value and c-index were utilized to compare the discriminatory ability and prognostic accuracy, respectively, between this nomogram and TNM staging system in Table 4 . Significant improvement in prognostic prediction was found not only in the training and validation cohort, but also in the independent cohort. To be specific, TNM staging system was demonstrated to produce a smaller c-index (all p \ 0.05) and a larger AIC (all p \ 0.05) than the present nomogram.
Discussion
Fibrinogen was identified to be an independent prognostic factor for gastric cancer patients, and additional attention should be paid on it. No uniform consensus, nonetheless, has been reached yet so far, due to the evaluation criteria and because of limitation of inconsistent cutoff point [8, [13] [14] [15] [16] . Actually, no well-recognized and unified cutoff point for fibrinogen existed for gastric cancer. We applied the optimal cutoff point, 3.20 g/L, to categorize patients into Fib-high and Fib-low groups in this study, which indicated more predictive accuracy and showed a better discriminatory ability than those reported previously. Moreover, we found that patients in Fib-high group were Fig. 4 A was a nomogram which was composed of the independent prognostic factors to predict the 5-year overall survival rate of gastric cancer patients, while B showed a calibration curve produced in the independent cohort after applying this nomogram. The risk value of 5-year overall survival rate is calculated by drawing a vertical line to the point on the axis for each of the factors. The points for each factor are summed and located on the total point line. And thereafter, the bottom line corresponding vertically to the above total line demonstrates the individual predictive value for 5-year overall survival rate companied with more aggressive features and worse biological behavior than patients in Fib-low group, both in the training and in the validation cohort, which illustrated that fibrinogen might be correlated with the tumor progression of gastric cancer.
Specifically, patients in Fib-high group was found more frequently with the presence of deep tumor invasion and advanced macroscopic type as well as wide lymph nodes metastasis, being consistent with previous studies in which a strong correlation between fibrinogen and increased metastatic potential, advanced tumor stage in various tumors was increasingly being recognized [7, 8, [13] [14] [15] [16] . Fibrinogen, as an acute-phase protein regulating clotting and fibrinolysis in the blood, could probably be induced by cancer cells directly activating the clotting response or indirectly stimulating mononuclear cells secretion [22] , which could be the reason why patients with aggressive features were more frequently distributed in the Fib-high group in the present study. However, we found that histology type and tumor size were not consistently allocated in two groups, as for the training and validation cohort. This inconformity of these two variables above might be attributed to their uneven distributions of the two cohorts. Meanwhile, our results demonstrated that there might exist multicollinearity with fibrinogen, and these could be the potential confounding factors for fibrinogen. Therefore, propensity score matching was applied to reduce the multicollinearity and to balance the baseline. After matching, fibrinogen was illustrated to be an independent predictor, and patients with Fib-low showed a better survival as compared to those with Fib-high.
In addition to T and N stages, fibrinogen was also demonstrated to be an independent predictor by multivariate Cox regression analysis. A nomogram including of these three independent predictors was constructed in the training cohort, and calibration curves were further performed to validate this nomogram not only in the inner validation cohort but also in the independent cohort, which revealed a reliability and a good concordance estimate for the 5-year overall survival. Moreover, an excellent staging system is expected to provide guidance of choosing appropriate adjuvant treatment and accurate prognostic estimation [23] . Hence, AIC value and C-index were used to demonstrate how much improvement was achieved in prognostic prediction using this nomogram. The present nomogram, as compared with TNM staging system, showed a better discriminatory ability and indicated more predictive accuracy in survival prediction, not only in training cohort and validation cohort but also in the independent cohort.
Apart from our clinical findings that preoperative plasma fibrinogen was correlated with aggressive clinicopathologic features, tumor progression and overall survival of gastric cancer patients, previous in vitro studies revealed that fibrinogen can enhance the cell migration and invasion of gallbladder cancer [24] and esophageal squamous cell carcinoma [7] by inducing epithelial-mesenchymal transition (EMT) process through the signal pathway of p-AKT/p-mTOR, which demonstrated that fibrinogen promoted cell proliferation in vitro, reminding us that fibrinogen could stimulate the cancer cells' growth via a certain kind of pathway which needed further study to elucidate its mechanism.
Limitations also existed in our study. Firstly, some factors could be observed by chance regardless of the large number of patients, and optimal cutoff point of preoperative serum fibrinogen could possibly make sense only in our study. In addition, only fibrinogen among the factors entered in the nomogram could be obtained preoperatively, which could limit its application in the formulation of optimal therapeutic strategy. Moreover, the mechanism of fibrinogen enhancing the proliferation of gastric cancer cells was still unknown. Therefore, more investigations are needed to evaluate the significance of preoperative plasma fibrinogen and to elucidate the mechanism affecting proliferation before stronger statement can be done.
Conclusion
Preoperative plasma fibrinogen levels in gastric cancer patients were significantly correlated with tumor progression, which could be regarded as a reliable marker for the prognostic prediction, and nomogram based on fibrinogen may improve the prognostic accuracy for survival prediction.
